The potential benefits from heavy ion inertial fusion motivate the rapid development of a program to test the principle).*2 d To define the program,accelerator parameters which have not hitherto been commonly considered must be studied interactively with basic questions of space charge limitations and charge exchange. Beam lifetime and power output efficiency may ultimately lead to a linear accelerator as the choice for an ignition device. For proof of principle, however, at power levels way beyond present inertial fusion experience, synchrotrons may have applicability at lower cost. The power and energy which can be delivered by the accelerating system to the reaction chamber are limited by space charge defocussing and intra beam charge exchange scattering, both of which are beam density dependent. These put constraints on linac injector energy, synchrotron aperture, synchrotron magnetic rigidity, acceleration time, ion species and charge to mass ratio.
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The accelerator system considered is classical. A linear accelerator injects into a synchrotron which accelerates the ion beam to the full energy delivered to the target. The maximum energy deliverable by a synchrotron is treated in section I. The targetting parameters and the energy gained through synchrotron acceleration completely determine the synchrotron aperture. These are discussed in sections II and III. The ion range in material is treated in section IV. The problem of intrabeam scattering is considered in section V. Finally, in section VI is a discussion of examples to meet specified goals.
I. Space Charge Limited Energy Deliverable by a Synchrotron The space charge defocusing is computed for a beam confined by the focusing channel to an annular volume of cross sectional radius X. We assume for simplicity that the charge distribution within this radius is uniform. The equation of motion for a particle a distance r from the center is 2___ -
The second term in the bracket is the unperturbed local betatron oscillation function which describes the weak beam focusing. The first term describes the modifying effect of the beam self-interaction. The ion charge is Ze, the linear particle density is n, the ion momentum is p, the particle velocity in units of the velocity of light is~, the Lorentz contraction factor is y. In order to avoid resonant oscillations of the beam, the change in the number of betatron wavelengths should be limited to AD < 0.25. AD is largest at injection so it is at injection that the number of stored particles will be limited because of space charge defocus ing.
The emittance at injection must be found if the limitation to the number of stored particles is to be computed. The emittance is determined by the beam size at the pellet target. The emittance at a target of radius a is R (5) rp is the classical proton radius. This is a complete pjarameterization of the maximum number of stored particles in terms of the targeting energy, the injection energy, the atomic number, the ion charge, the dimensions of the final transport system, the reaction chamber radius and pellet size. -The energy delivered to the target is terms of the number of -particles available matic energy, T, of each particle. The emittance at injection is related to the target parameters by equation (4) . The maximum value of t synchrotron beta function is assumed to be 25 meter Approximating Equation (4) creased by a factor of 48 through the synchrotron acceleration. A factor of 48 appears to be a large but reasonable one to achieve in some cases.
Superimposed on the same curves are the maximum deliverable energy which was computed through Equation (8).
IV. Particle Range The ion beam is to deliver its entire energy to the pellet and must therefore come to rest in the pellet.
If this is to be done through ionization energy loss, the energy of a single ion is limited. The ion range should be less than two grams per square centimeter. If the ion is uranium, the ion energy should not exceed 100 GeV. If a lighter ion like iodine were used, the maximum energy would be 30 GeV. The limits due to ion range are shown in figures 1, 2 and 3 for uranium. 24) The expression applies at the peak synchrotron energy where the collision rate is close to its maximum value.
Note that the ion interchange rate is half the particle loss rate since two ions are involved per collision.
The charge exchange cross sections can be no greater than -10-15cm2, the geometric cross section.
Estimates have been made4 for the charge intercharge cross sections and they may be as small as 10-16cm2.
Precise calculations are difficult. The examples which follow will illustrate that good measurements are needed.
VI. Examples and Discussion The cost of constructing a synchrotron can be significantly less than that of a linear accelerator particularly if the energy gain in the synchrotron is large. We therefore examine the extent to which synchrotron acceleration can be used at two different power levels: first for a power plant and second for a test of principle.
Stored energy between 3 and 10 megajoules is required to detonate a pellet used in a power plant.3 A synchrotron capable of delivering 10 megajoules per pulse could operate well below the space charge limit with a final energy up to 48 times the linac energy. For example, a 2 GeV linac injecting into a synchrotron which accelerates a singly charged uranium ion beam to 250 GeV/c. (See Fig. 1.) The problem is that the beam loss due to intra-beam charge exchange is large for this case. The intra-beam charge exchange rate computed from equation (24) is 1/N dN/dt = 1.46 H cy(cm2)/10'15 per second. It is conceivable4 that a tight ion with a cross section : = 10-16 cma can be found and stored in a synchrotron with an average peak field Have= 0.5 T.
The charge interchange collision rate is now 7.3% per second at the peak of the cycle and somewhat less near the beginning. This loss rate is probably too high to be practical. If the same machine operated at the 3 megajoule level, the charge interchange rate would be 2.2% per second, a more tolerable rate from the point of view of efficiency and vacuum chamber wall heating.
An example of an accelerator designed for a test of principle would be one which delivered 100 kilojoules. In that case, something like a uranium ion in a charge state 10 might be used. (See Fig. 2.) 
